INTRODUCTION
Growth-promoting technologies (GP) are important for improving efficiency and increasing yields of feedlot cattle. Anabolic implants and β-adrenergic agonists (BAA) are the 2 most common GP utilized by producers. Implants containing trenbolone acetate (TBA) and estradiol (E 2 ) enhance feedlot performance ABSTRACT: The objective of this study was to examine the effects of growth-promoting technologies (GP) and postmortem aging on longissimus lumborum muscle fiber cross-sectional area (CSA), collagen solubility, and their relationship to meat tenderness. Two groups of black-hided crossbred feedlot heifers (group 1: n = 33, initial BW 430 ± 7 kg; group 2: n = 32, initial BW 466 ± 7 kg) were blocked by BW and assigned to 1 of 3 treatments consisting of: no implant and no ractopamine hydrochloride (CON; n = 21); implant, no ractopamine hydrochloride (IMP; n = 22); implant and ractopamine hydrochloride (COMBO; n = 22). Heifers that received an implant were administered an implant containing 200 mg trenbolone acetate and 20 mg estradiol on d 0 of the study, and heifers in the COMBO group received 400 mg•head -1 •d -1 of ractopamine hydrochloride for 28 (Group 1) or 29 d (Group 2) at the end of 90-(Group 1) or 106-d (Group 2) feeding period. Following harvest, strip loins were collected and further fabricated into 5 roasts for postmortem aging (DOA) periods of 2, 7, 14, 21, or 35 d. After aging, Warner-Bratzler shear force (WBSF), muscle fiber CSA, and collagen solubility were measured. There was no treatment × DOA interaction for WBSF (P = 0.86), but treatment and DOA impacted WBSF (P < 0.01). Over the entire aging study, COMBO steaks had greater (P < 0.01) shear force values when compared to CON steaks. The IMP steaks tended to have decreased (P = 0.07) shear force when compared to the COMBO steaks, but did not differ (P = 0.11) from CON steaks. The IMP and COMBO treatments had increased type IIA fiber CSA when compared to CON (P < 0.01). When compared to each other, the IMP and COMBO type IIA fiber CSA did not differ (P = 0.76). Type I and IIX fiber CSA tended to be greater than CON for IMP and COMBO treatments (P < 0.10). There was no treatment × DOA interaction for all collagen measures (P > 0.33). Collagen amounts were not impacted by GP treatment (P > 0.72), but DOA increased the concentration of soluble collagen (P = 0.04). Fiber CSA of all fiber types were positively correlated (P < 0.05; r = 0.21 to 0.28) with WBSF only on d 2 of aging, while soluble collagen amount tended to negatively correlate with WBSF on d 7 and 14 of aging (P < 0.10; r = -0.24 and -0.23, respectively). Administration of GP during heifer finishing resulted in greater steak WBSF over 35 d of aging, which was not due to collagen characteristics and only minimally affected by fiber CSA.
and carcass characteristics and may yield the producer a profit of $163 per head (Duckett and Pratt, 2014) . Since zilpaterol hydrochloride (ZH) was voluntarily removed from the marketplace, ractopamine hydrochloride (RH) remains the sole BAA available for producers to utilize. While not as potent as ZH, Lean et al. (2014) estimated RH increases ADG by 0.19 kg/d, LM area by 1.84 cm 2 , and Warner-Bratzler shear force (WBSF) by 0.2 kg.
Factors influencing meat tenderness can impact overall consumer acceptability of beef products (Lusk et al., 2001) . Previous literature demonstrated GP negatively impact tenderness through increased calpastatin activity (Gerken et al., 1995; Strydom et al., 2009 ), but little attention has been focused on the muscle structure. Ebarb et al. (2016) found the reduction in tenderness caused by GP was due to increased muscle fiber cross-sectional area (CSA), but collagen solubility was not affected by GP treatment. Roy et al. (2015) reported hydroxylysyl pyridinoline (HP) crosslinks increased within the gluteus medius and semitendinosus when steers were administered an implant, but RH supplementation did not impact HP content. These 2 studies indicate different combinations of GP can negatively affect meat tenderness through increases in muscle fiber CSA or HP cross-link formation, but these alterations have not be observed simultaneously in the LM during postmortem aging. The objective of this study was to examine the effect of GP and aging on skeletal muscle fiber and collagen characteristics of the longissimus lumborum and determine their relationship to beef tenderness.
MATERIALS AND METHODS
All experimental procedures were approved by the Kansas State University Institutional Animal Care and Use Committee.
Heifer Management
Two groups of black-hided, crossbred feedlot heifers (group 1: n = 33, initial BW 430 kg ± 7; group 2: n = 33, initial BW 466 kg ± 7) approximately 16 to18 mo of age were housed in individual pens located in an enclosed barn at the Kansas State University Beef Cattle Research Center. Each pen was 4.64 m 2 and contained metal pipe sidewalls, slatted floors for waste removal, an individual waterer, and a 75 cm × 51 cm feed bunk. After a 10-d acclimation period for each replication, heifers were weighed, stratified from heaviest to lightest BW, and within each stratum of 3 heifers, randomly assigned to 1 of 3 treatments: no implant and no RH (CON; n = 22); implant, no RH (IMP; n = 22); or implant and RH (COMBO; n = 22). Heifers in the IMP and COMBO treatments were administered an implant containing 200 mg TBA and 20 mg E2 Elanco Animal Health, Greenfield, IN) . Heifers in the COMBO treatment received 400 mg•d -1 •heifer -1 of RH (Optaflexx; Elanco Animal Health) for 28 d (group 1) or 29 d (group 2) before harvest. Ractopamine hydrochloride was mixed into the mineral and vitamin supplement which was then incorporated into the total mixed ration. Heifers were fed experimental diets (Table 1 ) once daily to allow ad libitum access to feed for 90 d (group 1) or 106 d (group 2). Bunks were managed to leave a minimum of 227 g of unconsumed feed per head daily. One heifer from the CON treatment in group 2 was removed from study due to injury.
Harvest and Sampling Procedures
When the experimental finishing period for each group was completed, heifers were weighed and shipped 275 km to a commercial abattoir (Creekstone Farms, Arkansas City, KS) for harvest. Individual HCW for each heifer were recorded on the day of harvest, and carcasses were allowed to chill for 48 h before the collection of the remainder of carcass measurements and collection of strip loins. Marbling scores were assigned by a USDA grader, while LM area and 12th rib s. c. fat were instrumentally collected (VBG 2000; e + v Technology GmbH & Co. KG, Oranienburg, Germany). Dressing percentage for each carcass was calculated as (HCW/live weight) × 100. Strip loins (Institutional Meat Purchasing Specifications 180; North American Meat Processors, 2010) were collected and transported to the Kansas State University Meat Laboratory for further fabrication. Upon arrival, loin weight was recorded and a 1.27-cm thick steak was removed from the anterior portion of the muscle, beginning at the 13th rib of each loin, and was used for immunohistochemical analysis. Ultimate pH was measured using a meat pH meter (model HI 99163; Hanna Instruments, Smithfield, RI) at the geometric center of the loin. The loin was fabricated into five 5.08-cm thick roasts and roasts were randomly assigned to a postmortem aging period of 2, 7, 14, 21, or 35 d of aging (DOA). Roasts were vacuum packaged and aged to their assigned DOA at 5 ± 1°C. Additionally, the remaining portion of the loin was weighed for purge loss calculations before being vacuum packaged and stored until d-21 postmortem. After aging, roasts were cut into one 2.54-cm steak for WBSF and one 2.54-cm steak for collagen solubility analysis. Steaks were frozen and stored in a blast cooler at -40°C until further analysis was completed. At d 21 of aging, the remaining loin was weighed again for purge loss calculations [(initial loin weight-aged loin weight)/initial loin weight] × 100 and pH was once again recorded.
Immunohistochemistry
The methods of Phelps et al. (2014) and Ebarb et al. (2016) were followed for immunohistochemical analysis. Briefly, a 1 cm × 1 cm × 1.27 cm sample was collected from the geometric center of the medial, medial/lateral, and lateral areas of the muscle. Samples were embedded and frozen in optimum cutting temperature tissue freezing medium (Fisher Scientific, Pittsburgh, PA) using liquid nitrogen cooled, 2-methyl-butane (Fisher Scientific). Five-micrometer cryosections were incubated in a primary antibody cocktail consisting of anti-dystrophin (Thermo Scientific, Waltman, MA), anti-slow myosin heavy chain type I (BA-D5, Developmental Studies Hybridoma Bank, Iowa City, IA), and anti-myosin heavy chain all but type IIX (BF-35, Developmental Studies Hybridoma Bank). Following washing and incubation with the appropriate secondary antibodies, photomicrographs were captured using a Nikon Eclipse TI-U inverted microscope equipped with a DS-QiMC digital camera at a 100× magnification (Nikon Instruments Inc., Melville, NY). Cross-sectional area of a minimum of 200 muscle fibers from each location of each animal were analyzed by myosin heavy chain isoform. Fibers staining positive for BA-D5 were classified as type I fibers. Fibers staining positive for BF-35, but negative for BA-D5 were considered type IIA fibers. Fibers staining negative for both BA-D5 and BF-35 were considered type IIX fibers (Moreno-Sánchez et al., 2008; Schiaffino et al., 1989) . Muscle CSA by fiber type were averaged over the 3 locations to yield a steak average.
Cooking and Warner-Bratzler Shear Force
Cooking procedures for WBSF followed the American Meat Science Association's (AMSA) Meat Cookery and Sensory Guidelines (AMSA, 1995) . Prior to cooking, frozen steaks were removed from their vacuum packages, placed on a metal tray with an absorbent pad (Dri-Loc 50, Cyrovac Sealed Air Corporation, Duncun, SC), covered in plastic food wrap (Sysco Corporation, Houston, TX), and allowed to thaw for 24 h at 7 ± 1°C. After thawing, steaks were weighed and a thermocouple wire (30-gauge copper and constantan; Omega Engineering, Stamford, CT) was inserted into the geometric center of each steak. Internal temperature was monitored throughout cooking using a Doric Minitrend 205 monitor (VAS Engineering, San Francisco, CA). Steaks were cooked on a Cuisinart Griddler (Cuisinart, Stamford, CT) set at 232°C until the internal temperature at the geometric center reached 65°C. Steaks were removed from grills, allowed to rest until reaching a peak temperature of 71°C. Steaks were then allowed to cool for approximately 10 min and a final weight was obtained for the calculation of percent cook loss [(uncooked weight-cooked weight)/uncooked weight] × 100. After a 24-h chill period at 7 ± 1°C, six 1.27-cm cores were removed from across the steak parallel to the muscle fiber orientation. Each core was sheared once perpendicular to the muscle fiber orientation using a Warner-Bratzler shear head attached to an INSTRON Universal Testing Machine (Model 5569; Instron, Canton, MA) with a 100 kg compression load cell and a crosshead speed of 250 mm/min.
Collagen Solubility
Each steak for collagen analysis was diced, frozen in liquid nitrogen, pulverized using a Waring blender (Waring Products Division, Hartford, CT), and stored at -20°C until analysis. Hydroxyproline content was determined using the protocol adapted from Hill (1966) and official Association of Official Analytical Chemists (AOAC) method 990.26 (AOAC, 2005) . One gram of pulverized, freeze-dried tissue was mixed with 12 mL of 1/4 strength Ringer's solution and incubated in a 77°C water bath for 80 min. Following incubation, samples were centrifuged at 2250 × g for 12 min at 20°C to separate the supernatant consisting of the soluble collagen from the insoluble pellet. The supernatant was decanted into a separate tube and 3 mL of 1/4 strength Ringer's solution was added to the insoluble pellet and centrifuged again. Sulfuric acid was added (3 mL concentrated sulfuric acid to soluble portion; 30 mL 3.5 M sulfuric acid to the insoluble portion) and the fractions were incubated at 105°C for 16 h. Samples were removed and cooled for a minimum of 30 min. Once cooled, samples were diluted with deionized water to 250 mL for the soluble fraction and 500 mL for the insoluble fraction, mixed well, and filtered through Whatman 541 filter paper (Fisher Scientific; Waltham, MA) into 15-mL glass tube. Hydroxyproline determination was performed following the procedures outlined by Bergman and Loxley (1963) using a spectrophotometer (BioTek Eon; Biotek Instruments Inc., Winooski, VT) reading absorbance at 558 nm. The spectrophotometer was calibrated using a distilled water blank sample, and readings were quantified by standard curves prepared on each day of analysis. Total and fractional collagen content was determined by multiplying the hydroxyproline content of the soluble fraction by 7.25 and the insoluble fraction by 7.52 (Cross et al., 1973) .
Hydroxylysyl Pyridinoline Analysis
A sub-set of samples, randomly selected from each treatment group (CON, n = 7; IMP, n = 7; COMBO, n = 8), for quantification of the collagen crosslink HP were extracted according to procedures described by Smith and Judge (1991) with modifications. Muscle samples were pulverized in liquid N and 0.5 g of each sample was dried in a 60°C drying oven. Once dry, 100 mg of each sample was hydrolyzed in 2 mL of 6M HCl at 100°C for 16 h. Hydrolysates were allowed to cool in darkness for 30 min and then were filtered through Whatman #1 filter paper (Whatman; GE Healthcare Bio-Sciences, Pittsburgh, PA). After filtration, the pH of samples was adjusted to 7.0 ± 0.1, Means within a row with a different superscript differ (P < 0.05). x,y Means within a row with a different superscript tend to differ (P < 0.10).
1 Crossbred heifers (group 1, n = 33; group 2, n = 32) were subjected to 1 of 3 treatments: no implant and no ractopamine hydrochloride ( and the final sample volume was brought to 10 mL with ultrapure water. The HP concentration of each sample was measured using a commercial ELISA kit (Microvue PYD; Quidel, San Diego, CA). The kit instructions were strictly followed. The amount of HP is expressed as ng HP/g of wet tissue.
Statistical Analyses
There were no treatment × group interactions for all dependent variables; therefore, data were pooled. Carcass characteristics and muscle fiber data were analyzed as a randomized complete block design utilizing animal as the experimental unit and initial BW as the blocking factor. Growth-promoting treatment served as the fixed effect and animal within initial BW block served as the random effect. Collagen solubility, HP content, WBSF, and pH were analyzed as a randomized complete block design with repeated measures with day as the repeated measure, animal/ loin as the subject, and compound symmetry as the covariance structure. Peak temperature was utilized as a covariate when analyzing WBSF. All data were analyzed utilizing the PROC MIXED procedure of SAS (SAS Inst. Inc., Cary, NC) and pairwise comparisons between the least squares means of the factor levels comparisons, were computed using the PDIFF option of the LSMEANS statement. Correlations between WBSF and muscle characteristics were computed using the PROC CORR procedure of SAS. Differences were considered significant at P ≤ 0.05 and tendencies at P > 0.05 and P ≤ 0.10.
RESULTS

Carcass Characteristics and Loin Measures
Hot carcass weight tended to differ (P = 0.09) due to GP treatment; however, dressing percentage did not differ (P = 0.41; Table 2 ). Carcasses from the IMP treatment tended to be heavier (P = 0.07) than CON carcasses. Carcasses from the COMBO treatment were heavier (P = 0.05) than CON carcasses, but did not differ (P = 0.86) from IMP carcasses. Growth promotant treatment affected LM area (P = 0.01), with COMBO and IMP carcasses having larger LM area than CON carcasses (P < 0.01). Carcasses from COMBO and IMP treatments had similar (P = 0.53) LM area when compared to one another. Adipose measurements, including 12th-rib s. c. fat and marbling, were unaffected by GP treatment (P > 0.45). In agreement with LM area data, when IMPS 180 loins were fabricated from carcasses, weight was affected (P = 0.05) by GP treatment. Loins from COMBO and IMP carcasses were heavier compared to CON loins (P < 0.03), but were not different (P = 0.94) from each other. Purge loss after 21 d of aging was not affected (P = 0.49) by GP treatment.
Warner-Bratzler Shear Force, Cook Loss, and pH
There were no treatment × DOA interactions for pH, cook loss (Table 3) , or WBSF (P > 0.34; Fig. 1 ). Growth-promoting treatment did not affect (P = 0.98) pH, but at 21 DOA, pH increased (P = 0.01) when compared to the initial pH measurement. Percent cook 1 Crossbred heifers (group 1, n = 33; group 2, n = 32) were subjected to 1 of 3 treatments: no implant and no ractopamine hydrochloride ( loss was not affected by GP treatment or DOA (P > 0.23). Treatment and DOA influenced WBSF values (P < 0.01). All DOA aging comparisons differed from one another indicating that as postmortem aging time was increased, shear force values of steaks decreased (P < 0.01). Over the entire aging study, COMBO steaks had greater (P < 0.01) shear force values when compared to the CON steaks, and tended to be different (P = 0.06) from IMP steaks. Sheer force of IMP steaks tended to be greater (P < 0.07) compared to CON steaks.
Immunohistochemistry
Growth-promoting treatment affected (P = 0.04) type I fiber percentage, tended to affect (P = 0.07) type IIX fiber type percentage, but had no effect (P = 0.48) on the percentage of type IIA fibers (Table 4) . Muscle from IMP cattle had an increased (P < 0.01) percentage of type I fibers when compared to the CON cattle. Percentage of type I fibers for the COMBO muscle did not differ (P = 0.41) from IMP cattle, but tended to be greater (P = 0.08) compared to CON cattle. Muscle from the IMP treatment tended to have less (P = 0.07) type IIX fibers than CON muscle, while COMBO muscle possessed less (P = 0.03) type IIX fibers than CON muscle. There was no type IIX fiber percentage differences (P = 0.72) between IMP and COMBO muscles.
Growth promoting treatment tended to induce an increase in type I and IIX myofiber CSA (P < 0.10). Compared to CON type I fiber CSA, IMP fibers tended to be bigger (P = 0.07), while COMBO fibers were bigger (P = 0.05) than CON. The CSA of IMP and COMBO type I fibers were not different (P = 0.89) from each other. The CSA of type IIA fibers was impacted (P < 0.01) by GP treatment. The COMBO and IMP had increased type IIA CSA when compared to CON fibers (P < 0.01). When compared to each other, COMBO and IMP type IIA fiber CSA did not differ (P = 0.76). Control muscle type IIX fiber CSA tended to be smaller (P = 0.07) than COMBO fibers and were also smaller (P = 0.05) than IMP muscle. Type IIX muscle fiber CSA did not differ (P = 0.89) between IMP and COMBO muscles.
Collagen Solubility and Hydroxylysyl Pyridinoline Content
There were no treatment × DOA interactions or treatment and DOA main effects for insoluble and total collagen content (P > 0.84; Table 5 ). There were no treatment × DOA interaction or treatment main effect Means within a row with a different superscript differ (P < 0.05).
x,y Means within a row with a different superscript tend to differ (P < 0.10).
1 Crossbred heifers (group 1, n = 33; group 2, n = 32) were subjected to 1 of 3 treatments: no implant and no ractopamine hydrochloride ( a,b Days within soluble collagen with a different superscript differ (P < 0.05).
x,y Days within soluble collagen with a different superscript tend to differ (P < 0.10).
1 Crossbred heifers (group 1, n = 33; group 2, n = 32) were subjected to 1 of 3 treatments: no implant and no ractopamine hydrochloride ( 2 Trt = Treatment.
3 OA = Day of aging.
4 Expressed in mg collagen/g wet muscle.
5 Expressed in ng hydroxylysyl pyridinoline/g wet muscle.
for soluble collagen content (P > 0.75); however, there was a DOA effect (P = 0.04). Steaks aged for 2, 7, and 14-d had less soluble collagen than steaks aged 35 d (P < 0.03). Additionally, steaks aged for 7 and 14 d tended to have less soluble collagen than steaks aged 21 d (P < 0.10). There was no treatment × DOA interaction or treatment and DOA effects for the amount of the HP crosslinks (P > 0.33).
Correlation Coefficients
Pearson's correlation coefficients between WBSF and fiber CSA and collagen characteristics are displayed in Table 6 . On d 2 of aging, the CSA of type I and IIA fiber types were positively correlated (r = 0.28 and 0.24, respectively) with WBSF (P < 0.05), while there was a tendency for type IIX fiber CSA to be correlated (P = 0.09; r = 0.21). For the remaining aging periods, CSA of all fiber types were not correlated with WBSF (P > 0.11) except for a tendency for type I CSA to be positively correlated (P = 0.07; r = 0.23) on d 14. No collagen characteristics were not correlated to WBSF at d 2 of aging (P > 0.71). Soluble collagen was not correlated with WBSF on d 21, and 35 (P > 0.42), but tended to be negatively correlated (P < 0.08) with WBSF at d 7 (r = -0.24) and 14 (r = -0.23) of aging. Insoluble and total collagen contents were negatively correlated to WBSF on d 7 (r = -0.34 and -0.33, respectively) and 14 (P < 0.05; r = -0.33), but not at 2 or 21 d (P > 0.16). At d 35 of aging, WBSF was negatively correlated to insoluble and total collagen content (r = -0.40 and -0.39, respectively; P < 0.01). The amount of HP within the longissimus lumborum was not correlated to WBSF at any DOA (P > 0.59).
DISCUSSION
The use of GP in beef production can improve feedlot performance during the finishing phase and increase carcass yields (Lean et al., 2014; Wileman et al., 2009 ). In the current study, carcass characteristics associated with greater muscling were impacted by GP treatment. Hot carcass weight tended to be affected by the use of GP, as the COMBO and IMP carcasses were approximately 4% heavier than the CON carcasses. Ebarb et al. (2016) reported that carcasses from heifers implanted with the same implant tended to be 2% heavier than CON carcasses. Similarly, Boles et al. (2009) administered TBA/ E 2 implants to feedlot heifers and also reported increased HCW by 2% when compared to non-implanted heifers. Quinn et al. (2008) reported an increase in HCW by 2% for heifers that were not implanted, but received RH during the finishing period. Ebarb et al. (2016) observed 4% heavier carcasses for heifers implanted and supplemented ZH during finishing when compared to the control heifers. In the current study, dressing percentage and yield grade were unaffected by GP treatment. In contrast, Ebarb et al. (2016) reported a tendency for dressing percentage to be increased due to GP treatment, while yield grade was decreased by 28% and 33% for carcasses from heifers implanted and heifers implanted and fed ZH, respectively. Bruns et al. (2005) observed similar yield grade measures, but increased dressing percentage by 0.6% for carcasses from implanted steers fed ZH when compared to non-implanted steers. Herschler et al. (1995) reported no difference for yield grade and dressing percentage due to implant treatment. Talton et al. (2014) observed increased dressing percentage by 1.2% and no difference in yield grade for implanted heifers supplemented RH when compared to the non-RH supplemented implanted heifers. Therefore, carcass measures in the current study were typical of what is seen for implant only and implant/ RH supplemented carcasses.
As more nutrients are converted to lean muscle tissue, cattle supplemented with GP have a greater potential for increased lean muscle yields. This study demonstrated this mechanism with a 9 and 7.6% increase in LM area for COMBO and IMP loins, respectively, when compared to CON. Previously, Ebarb et al. (2016) observed a tendency for implanted heifers to have increased LM area by 11.9% when compared to the non-implanted controls. When the implanted heifers were fed ZH, LM area increased 15.2% when compared to the controls. Cook et al. (2000) and Smith et al. (2007) observed an increase in LM area by as much as 18% after implanting heifers with a similar implant containing TBA and E2. With RH supplementation, Griffin et al. (2009) reported increased LM area. In contrast, Bryant et al. (2010) observed no difference in LM area for heifers subjected to RH. The current study also reported an increase for initial strip loin weight as the IMP and COMBO loins were 7% heavier than loins from CON heifers. Kellermeier et al. (2009) reported increased strip loin yield by 0.19% for steers subjected to combination implants during finishing. In contrast, Ebarb et al. (2016) reported no increase in strip loin weight when heifers were subjected to combination implants and ZH. Garmyn and Miller (2014) reported increased strip loin weight by 3 and 7% for steers supplemented RH and ZH during the finishing period, respectively. The improvements in LM area and strip loin weight demonstrate a positive effect of GP on lean muscle yields.
The use of GP diverts nutrients toward lean muscle deposition rather than adipose tissue, which can have impacts on carcass adipose measurements (Duckett et al., 1999 ). In the current study, heifers did not display differences in 12th rib subcutaneous fat or marbling scores when subjected to combination implants. In contrast, the implanted heifers in the study by Ebarb et al. (2016) tended to have less 12th rib s. c. fat by 25% and tended to have decreased marbling score. Other early studies have displayed decreased marbling scores up to 15% for cattle that received a combination implant (Cecava and Hancock, 1994; Garber et al., 1990; Herschler et al., 1995) . In agreement with the current study, some authors have also reported no change to 12th rib subcutaneous fat or marbling score for cattle that were subjected to anabolic implants (Cook et al., 2000; DeHaan et al., 1990) . Similarly, Talton et al. (2014) and Quinn et al. (2008) observed no difference in 12th rib subcutaneous fat or marbling score after supplementing heifers with RH. In contrast, Ebarb et al. (2016) reported ZH and implants decreased the 12th rib subcutaneous fat by 35%, but marbling scores were not changed. In the current study RH was supplemented for 28 d, which is only a portion of the supplementation time allowed for that product, and heifers only received one implant during growth. Subjecting cattle to multiple implants, a greater concentration of RH, or a more potent BAA can increase the magnitude of impact on adipose tissue, as the animals have a greater potential for lean deposition (Arp et al., 2014; Platter et al., 2003) . Platter et al. (2003) reported increased marbling scores for steers that received one implant during finishing when compared to steers that received multiple implants during finishing. Arp et al. (2014) reported decreased marbling scores for steers that received 300 mg RH or 6.8 mg/kg ZH when compared to the nonsupplemented controls, while the steers that received 200 mg RH did not differ from the controls. Altogether, technologies that increase skeletal muscle deposition can negatively impact adipose measurements (Duckett et al., 1999; Maxwell et al., 2015) .
The negative impact of GP on meat tenderness can be detrimental to consumers' acceptance of beef products. The effects of GP on tenderness are more prominent prior to postmortem aging. This was observed by Boler et al. (2012) when steaks from cattle fed RH and aged 4 d had 13% greater WBSF compared to controls; however, after 7, 14, and 21 DOA, WBSF values did not differ. Other literature indicate IMP steaks required approximately 7 DOA to be similar to CON steaks, while COMBO steaks required 21 DOA to be similar to CON steaks (Quinn et al., 2008; Schneider et al., 2007) . Ebarb et al. (2016) observed steaks from implanted heifers took 14 d to reach WBSF values similar to controls, but steaks from heifers implanted and fed ZH did not reach control steak WBSF values after 35 d of aging. The lack of an interaction between treatment and DOA in the current study indicates all steaks, regardless of treatment, aged in the same manner during postmortem aging. Across the entire aging study and compared to CON steaks, the current study observed a 7.3 and 19.6% increase in WBSF values for the IMP and COMBO steaks, respectively. These increases in WBSF were not due to either cook loss or muscle pH, as there were no GP effects on these measures. Day of aging did increase pH 0.1 unit, and it is hypothesized this was due to the change in location of the pH measurement. Smith et al. (2007) reported steers subjected to an implant containing 200 mg TBA and 28 mg E2 produced steaks with 15% greater WBSF when aged over a 21-d period.
Other authors have reported no differences in WBSF for cattle that received an aggressive implant during growth (Barham et al., 2003; Schoonmaker et al., 2001) . Gruber et al. (2008) reported increased WBSF for steers fed RH, while Quinn et al. (2008) observed no difference in shear force values of steaks from heifers subjected to RH. Overall, utilization of these 2 GP protocols have a negative effect of heifer steak WBSF values.
The literature would indicate that GP can affect muscle fiber type. Chung et al. (2012) observed no difference in the mRNA expression of myosin heavy chains within the LM of steers that were subjected to TBA and E2 implants when compared to non-implanted cattle. In pigs, RH commonly shifts muscle fiber isoform toward the more glycolytic IIB isoform (Aalhus et al., 1992; Depreux et al., 2002) . Utilizing a different BAA, Vestergaard et al. (1994) reported cimaterol caused an increase in type IIB(X) fibers at the expense of type I and IIA fibers. In cull cows, Gonzalez et al. (2007) reported no difference in the percentage of type I and II fibers for cattle subjected to RH and TBA separately, yet when the 2 GP were combined the percentage of type II fibers was increased. Due to the authors' immunohistochemistry procedure, they were unable to detect shifts between the isoforms of type II fibers. In a follow-up study again with cull cows, Gonzalez et al. (2008) observed an increase in type II fiber percentage for RH supplemented cattle when compared to the control cattle, but no differences in type IIA or IIX mRNA expression were detected when measured by real-time PCR. Recently, Ebarb et al. (2016) reported increased percentage of type IIA fibers at the expense of type IIX fibers for heifers subjected to GP during finishing. The current study observed a 3% average increase in type I fiber percentage, which occurred due to a 5% average decrease in type IIX fiber percentage when both GP protocols were used. The exact reason for inconsistent fiber type responses are unknown; however, Aalhus et al. (1992) concluded the response to GP is dependent on initial fiber type. Therefore, different ages, breeds, and sexes, in addition to different compounds utilized, could be the source of variable results.
Since the number of muscle fibers is fixed after birth, the growth of muscle tissue due to implants and BAA is caused by an increase in CSA of muscle fibers (Stickland, 1978) . The influence of muscle fiber CSA on meat tenderness was illustrated in Ebarb et al. (2016) where all three fiber types were moderately correlated to WBSF through 14 DOA and type IIX fibers remained moderately correlated through 35 DOA. Chriki et al. (2012) reported an association between larger fiber CSA and reduced tenderness values for steaks aged to 14 d. In the current study, all 3 fiber types were positively correlated to WBSF only at d 2 of aging, but these correlations were eliminated by postmortem aging. Similar to the current study, Crouse et al. (1991) found muscle fiber CSA was correlated to WBSF only when considered early postmortem. Whipple et al. (1990) reported no muscle fiber CSA correlations to WBSF at 14 DOA and Vestergaard et al. (2000) found the same result when LM, semitendinosus, and supraspinatus were aged 8 d. The rapid loss of association between muscle fiber CSA and WBSF in the current study could be due to the GP not stimulating as large of an increase in CSA as what was seen in Ebarb et al. (2016) . Ebarb et al. (2016) reported the GP treatments increased type I, IIA, and IIX fiber CSA by a maximum of 12%, 21%, and 28%, respectively. Growth-promoting technologies in the current study only increased type I, IIA, and IIX fiber CSA by 10%, 17%, and 11%, respectively. Similar to the current study, Fritsche et al. (2000) reported increased fiber CSA for implanted steers when compared to non-implanted steers. Gonzalez et al. (2007) displayed an increase in type I CSA and no change to type II fiber CSA in the LM muscle of culled beef cows supplemented RH. In a subsequent study utilizing younger-growing cattle, Gonzalez et al. (2010) reported no difference in type I and II fiber CSA for feedlot steers fed a lower dose of RH. The major difference between the results of Ebarb et al. (2016) and the current study is the implant/BAA treatment increase in type IIX CSA. Ebarb et al. (2016) utilized ZH as the BAA, which caused an increase in type IIX CSA over the implant effect. These are the largest fibers in beef muscle and had the strongest correlation to WBSF. Since RH does not elicit as potent of a growth response as ZH (Avendaño-Reyes et al., 2006) and it did not increase type IIX fiber CSA over the implant fibers, this could be the reason for a lack of correlation on WBSF in the current study. Finally, the lack of a strong correlation between muscle fiber CSA and WBSF may indicate alterations in the calpain proteolytic system play a larger role in the establishment of tenderness in this study. Gerken et al. (1995) observed no implant effects on µ-and m-calpain activity or WBSF, but found a 16% increase in 24-h calpastatin activity. Strydom et al. (2009) found RH increased 24-h calpastatin activity 48%, but WBSF was not different than control. Therefore, because calpain proteolytic system enzymes have historically been measured at 24-h postmortem and not over extended aging, this system should be explored further.
As skeletal muscle deposition is increased, the network of collagen is continuously remodeled (Purslow, 2014) . As a result, newly synthesized collagen is deposited in the muscle tissue to support the growing structure. Immature or recently synthesized collagen consists of divalent crosslinks which are heat soluble, while mature collagen consists of trivalent crosslink bonds that are associated with decreased heat solubility (Bailey and Light, 1989; McCormick, 2009 ). Growthpromoting treatment did not impact collagen measurements for this study including the heat-stable trivalent crosslink HP. Ebarb et al. (2016) also reported no GP effects for all of the collagen measures. Similar to the current study, Calkins et al. (1986) reported no change to total or soluble collagen with the use of zeranol implants. Strydom et al. (2009) observed no difference for amounts of total collagen and the solubility of collagen for RH and control treatments. Similarly, Martin et al.
(2014) reported similar total collagen percentage between non-RH fed and RH fed steers. In contrast, Roy et al. (2015) reported the amount of HP increased within the gluteus medius and semitendinosus when steers were implanted, but there was no difference in HP when RH was supplemented. Therefore, GP utilization seems to elicit no effect on collagen crosslinking and solubility. Ebarb et al. (2016) demonstrates the ability of postmortem aging to reduce the influence of muscle fiber CSA on tenderness and the emerging influence of the collagen network. Marbling's correlation to WBSF also decreases throughout aging to where there is no correlation by d 14 postmortem (Lonergan et al., 2001) . In agreement with Ebarb et al. (2016) , extended postmortem aging increased the amount of soluble collagen present in raw muscle by 10% from d 2 to 35 of aging. Jeremiah and Martin (1981) also reported increased collagen solubility by 12% for LD samples aged from 24 h to 20 d.
In contrast to what one would expect, negative correlations were seen for insoluble and total collagen content from d 7 through 35 of aging. Ebarb et al. (2016) found positive insoluble and total collagen content correlations with WBSF became significant at d 21 and 35 of aging, which agrees with several studies that relate decreased connective tissue amount to improved tenderness during postmortem aging (Jeremiah and Martin, 1981; Lepetit, 2007; Renand et al., 2001; Rhee et al., 2004) . It is unclear why in the current study negative correlations were found, but it is hypothesized randomizing the loin to have equal DOA assigned to the different locations throughout the loin and freezing the samples before WBSF and collagen analyses, which were both not done by Ebarb et al. (2016) , may have created the unexpected result. These are experimental conditions that must be explored further and considered when designing future studies.
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